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SPECIFICATION 

1. Title of the Invention 

FILLER METAL 

2. Scope of Claim 

A filler metal containing 0.01 % by weight to 8 % by weight of at least one metal 
selected from the group belonging to group 7A, 8 and IB elements of the periodic table 
represented by symbols of the elements of Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, 
Ag and Au with remaining portion including chromium substantially. 

3. Detailed Description of the Invention 
[Field of the Invention] 

The invention relates to filler metals used for repairing, welding and the like of 
base metals parent materials (named as chromium-base parent materials hereinafter) 
comprising chromium-base metallic materials such as chromium materials or 
high-chromium alloys frequently used as corrosion resistant materials. 
[Related Art] 

A filler metal with an approximately same quality as parent materials to be 
welded are usually used for welding or the like of chromium base parent materials used 
for corrosion resistant materials. 

Repair by welding or the like is usually carried out in an ordinary atmosphere, 
or in the air. 

Metallic chromium is quite labile to oxygen and nitrogen, and oxidation and 
nitrization of chromium are inevitable particularly in the air at a high temperature such 
as under a molten condition or the like. 

Accordingly, when the chromium-base parent material is subjected to welding 
treatment, oxygen and nitrogen in the air are simultaneously dissolved in the welded 
portion at high temperatures, and presence of these solid solutions causes remarkable 
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deterioration of mechanical properties of the welded portion. The welded portion is 
deformed by an abrupt temperature difference at the welded portion during the welding 
treatment, and the mechanical property is also deteriorated by this deformation. 

Since the chromium-base metallic parent material is used for materials of 
various constructions and the like due to its excellent corrosion resistance, the material is 
often subjected to high temperature treatments such as welding. Accordingly, 
deterioration of the mechanical property as described above may cause fatal defects. 
[Means for Solving the Problem] 

The invention solves the problems as described above, and provides a 
chromium-base filler metal capable of offering repair portions and welded portions having 
a comparative mechanical property as that of the parent material. 

Accordingly, the invention relates to a filler metal containing 0.01 % by weight 
(simply denoted by % hereinafter) to 8 % of at least one metal selected from the group 
belonging to group 7A, 8 and IB elements of the periodic table represented by symbols of 
the elements of Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag and Au with remaining 
portion including chromium substantially 

The filler metal of the invention comprises chromium as a principal constituting 
component, and is characterized that some groups of metallic elements, or at least one 
element selected from the groups of the elements as described above are added to the filler 
metal. 

The amount of the metallic element used in the invention is 0.01 % to 8 % of the 
total amount of the filler metal. However, a proportion of 0.05 to 5 % is particularly 
preferable, although it depends on the kind of the metallic elements added. 

When the content of the metallic elements added is smaller than the range above, 
said sufficient effect of adding the metals cannot be expected. On the contrary, when the 
content of the metallic elements added is large, the strain imparted to the parent material 
by the metallic elements added increases when the material is welded using these elements, 
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and the composition of the welded portion remarkably changes to embrittle the welded 
portion brittle. Therefore, both cases are not preferable. 

When the elements as described above are mingled into the treated portion 
during a high temperature treatment such as welding of the chromium-base parent 
material, the mechanical property is improved by softening of the treated portion. 
Although the mechanism thereof is unknown, it may be conjectured that the phenomenon 
above may arise by a change of orientation of d-electrons in chromium by adding these 
elements to the treated portion. 

The inventors of the invention have found that inherent properties of the treated 
portion are never affected even by applying a high temperature treatment to the 
chromium-base parent material using a filler metal containing the elements as described 
above. 

Any method may be used for preparing the filler metal of the invention so long 
as impurity elements are prevented from invading into the filler metal, and the methods 
available include a melt molding method and sinter molding method. 

However, since components may be segregated in a crucible used for melting 
depending on the cooling condition of the treatment object in the melt molding method, 
the filler metal is preferably manufactured by the sinter molding method. When the 
filler metal is prepared by the sinter molding method, elements added to the filler metal 
are required to sufficiently diffuse into chromium. For this purpose, it is desirable that a 
parent alloy of chromium as the starting material and additive elements is manufactured 
first by arc melting, and then a powder of this parent alloy and a powder of remaining 
chromium are mixed and molded. 

In an example of the sinter molding method of the invention, an ingot of the 
parent alloy is manufactured first by arc melting using the powder of chromium 
containing the additive elements, then the ingot is pulverized into a fine powder with a 
particle diameter of 1 to 0.01 mm to obtain an alloy powder. The chromium powder used 



3 



JP01-138092A 



as the starting material has a high purity (for example with a purity of % or more), and 
fine particles with a particle diameter of 0.01 mm or less, which are relatively active 
particles of the particles obtained, are desirably removed in order to prevent impurities 
accompanied by these fine particles from mingling into the filler metal during the 
preparation process. 

Subsequently, the alloy powder is mixed with the remaining powder of metallic 
chromium with a particle diameter of 1 to 0.1 mm. The amount of the additive elements 
in the filler metal may be controlled by controlling the mixing ratio between the alloy 
powder and chromium powder. 

The mixed powder obtained is hermetically sealed in a capsule in vacuum, and 
is treated at a high temperature under a high pressure to obtain a sintered body. While 
the kind of the capsule used herein is not particularly restricted, it may be made of iron, 
tantalum, titanium or stainless steel. 

While a pressure of 200 Kg/cm 2 may be used for the high temperature/high 
pressure treatment, the pressure is desirably 500 Kg/cm 2 or more. While the 
temperature may be 500°C or more and below the melting point, the temperature is 
desirably 1000°C or more and below the melting point for accelerating sinter. 

The holding time is not particularly limited, but preferably is 80 minutes or 

longer. 

The filler metal of the invention is obtained by processing the sintered body thus 
obtained into a desired shape. When the filler metal is particularly required to have a 
complex shape, it is desirably machined with a wire-cut or the like. 

The filler metal of the invention may be applied for various welding means 
including, for example, arc welding, electron beam welding and resistance welding. 
[Effect of the invention] 

The chromium-base metallic parent material is not hardened during a 
treatment process, the mechanical property of the processed portion is not decreased, and 
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no cracks are generated at the processed portion to enable the processed material to 
maintain the same quality as the parent material, even by subjecting the chromium-base 
metallic material to high temperature treatments such as repair and welding. 
[Examples] 

While the invention is more specifically described with reference to examples, 
the invention is by no means restricted to these examples. 
Examples 1 to 12, Comparative Examples 1 to 7 
Method of Manufacturing Filler Metal 

Added with thorough stirring were 84 g of a powder of high purity metallic 
chromium with a particle diameter of about 0.05 mm and 5 g of a Co powder with a purity 
of 99.99% and a particle diameter of about 0.05 mm as shown in Table 1, and the mixture 
was melted by arc melting to obtain a button-shaped blocks. The block was pulverized 
with a stump mill having teeth made of stainless steel to obtain an alloy powder with a 
particle diameter of 0.05 mm. 

This alloy power was thoroughly mixed with 1980 g of a powder of metallic 
chromium to obtain a mixed powder. This mixed powder was hermetically sealed in a 
stainless steel vessel in vacuum, and was treated at a high temperature of 1250°C under a 
high pressure of 1850 Kg/cm 2 for 50 minutes to obtain a sintered body. 

The sintered body was cut into a piece with a size of 2 mm x 2 mm x 200 mm to 
obtain a rod-shaped filler metal containing 0.5 % of Co. 

The filler metals with compositions as shown in Table 3 were obtained using Re 
and Ru powders with purities of 99.99%, respectively, and an Ag powder with a purity of 
99.999% in addition to Co. 
Welding test 

The filler metals obtained by the methods described above were used for 
tungsten inert gas (TIG) welding test (Fig. 1). The parent material for welding had the 
composition as shown in Table 2. 
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A tungsten electrode 3 containing 2% of tritium oxide and having a diameter of 
3 mm was disposed above the welding portion between two parent materials 1 for welding, 
wherein each end has an open-tip welding portion 2. The electrode was made to come 
close to the chamfered welding portion, and an arc was generated between the parent 
material 1 and electrode 3 by allowing 170 A of a welding current to flow from a positive 
pole of a direct current power source. The effect of the air was eliminated by blowing an 
inert gas such as argon to the welding portion through a gas nozzle 4 surrounding the 
electrode. The filler metal 5 was welded to the welding portion along the chamfered 
welding portion by melting the filler metal with the arc. 

The mechanical property of the welded portion obtained by welding as 
described above was evaluated by a tensile test. 

A filler metal comprising metallic chromium only having the composition shown 
in Table 2, and filler metals comprising respective elements in respective amounts shown 
in Table 3 were prepared as comparative examples by the same method as described above. 
The welded materials using the filler metals were subjected to the welding test and 
performance test. The results are also listed in Table 3. 

The results in Table 3 show that the tensile strength and elongation rate of the 
welded material are quite low as compared with the welded material of the invention, 
when the filler metal having the same quality as the welded parent material is used 
(Comparative Example 1). The effect of the metals added is small when the content of 
the metal added is less than 0.01 %, while the plastic deformation ability at the welded 
portion decreases due to a remarkable effect of the metals added, when the content of the 
added metal is higher than 8%. 

The tensile strength and elongation rate were measured according to the JIS 
prescription. 
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TABLE 1 



Element Fe 


Ni 


Pb 


Cu 


P 


S 


Si 


Al 


C 


O 


N 


W 


Content ., ,„ 
(ppm) 


4 


1 


2 


2 


9 


30 


5 


5 


110 


4 


3 
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Element Fe 


Ni 


Pb 


Cu 


P 


S 


Si 


Al 


C 


o 


N 


W 


Content ^ 
(ppm) 


10 


1 


1 


20 


10 


6 


20 


60 


40 


30 
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TABLE 3 





Co 


Re 


Ag 


Ru 


Cr 


Tensile Strength 


Elongation 




(%) 


(%) 


(%) 


(%) 


(%) 


(MPa) 


/ erf \ 

(%) 


Example 1 


0.3 


o 


0 


o 


BAL 


350 


16 


Example 2 


1 


0 


0 


0 


BAL 


370 


18 


Example 3 


0 


0.5 


0 


0 


BAL 


300 


10 


Example 4 


0 


2 


0 


0 


BAL 


330 


12 


Example 5 


0 


0 


2 


0 


BAL 


300 


10 


Example 6 


0 


0 


3 


0 


BAL 


310 


10 


Fyamnlp 7 


n 




o 


3 


BAL 


370 


18 


Example 8 


0 


0 


0 


6 


BAL 


360 


17 




0 1 


o 


o 


i 

J. 


BAL 


360 


18 


Example 10 


0 


0.3 


0 


1 


BAL 


350 


16 


Example 11 


0.3 


0 


2 


0 


BAL 


350 


14 


Example 12 


0 


0.3 


3 


0 


BAL 


330 


12 


Comparativ 
e Example 1 


0 


0 


0 


0 


99.98 


280 


6 


Comparativ 
e Example 2 


0.003 


0 


0 


0 


BAL 


280 


6 


Comparativ 
e Example 3 


0 


10 


0 


0 


BAL 


275 


6 


Comparativ 
e Example 4 


0 


0 


0.003 


0 


BAL 


280 


6 


Comparativ 
e Example 5 


0 


0 


0 


10 


BAL 


260 


5 


Comparativ 
e Example 6 


5 


0 


0 


5 


BAL 


275 


6 


Comparativ 


0 


5 


5 


0 


BAL 


270 


7 



BAL: Balance 
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4. Brief Description of Drawing 

Fig. 1 schematically illustrates TCI welding. In the drawing, the reference 
numeral 1 denotes a welding parent material, the reference numeral 2 denotes a 
chamfered welding part, the reference numeral 3 denotes a tungsten electrode, the 
reference numeral 4 denotes a gas nozzle, and the reference numeral 5 denotes a filler 
metal. 



8 



Fig.1 




1 2 1 



1/1 



®B*g#f*jT(jp) © ft wt m m m 
© m 4$ f^£fc m (A) - 138092 

®Int.Cl.« iajgUIB-^ JfftSS*^ ®^§g Trit 1^(1989) 5 ^30H 

B 23 K 35/30 3 2 0 Z-7362-4E 



©ft m PS62- 295157 

. IS &B62(1987) 11/3 25B 



©& 


m m 


69 






#35/1 imet^m^.E4 , BBeBr3374S% 


©21 


m m 


m 






m&&mm\zmis3s- 21 


©IS 


w m 


TE 






»«;i ij^m^m>itE^^35- 21 


®» 


m m 




/II ^ 




»^;il^^HmA«^ 2-15-1 11235 


©a 


m a 


3K 









■^TMiu Re. Fe. Co. NK Rik Rh. P<k 0s. Jr. 
Pt. Cu. Ag. AuT^SnSJS^biglfnSl figja 
-tS>&««: 0.01 ffifi%ttl>L 8fiS96^^L. 



* 5 RiJ SQ & 5 o 



1 



—527— 



- 2 - 



^mW- 1 - 1 3 8 O 9 2 



■t *5tfcT5n5fcI2^THiK Re. Fe. Co. NU Riu 
Rh. Pd. Os. I r. PL Cik Ag> AuT&Sn*!!*^ 

cnc njt^a^&ISTc^JJIx EP £ B3 «e © » * €> 

lXtt ^ t 8XT ifc -5 • L . ^ ft] & JS X. * <D Si S5 

— 3 — 

t;j:*) cnlfof 6^©^f h £ fls £2 L . d 

*£&»*£>l>9. it«W^ttO^VL »KS o.o 
lan iaTO»»5kliKs^^ S C t ^ »9 . 7$*JI]** 

o.oinn UK© 

? o At»* tS^t *«, C (Df%<Dffi% 



ttBB¥ 1- 138092(2) 

©if t btiio 

*<R/f Jh T * * Ztf i£ T * ft. t* ^ ^ £ ^ & "C *> J; < . 

ft tz x K> m ®t t z ffl * ^ ' v * t? e5c 9t *> M ffr *< 
fe &! -r * £ ic ** . cnc^totsTc**^ 

— 4 - 

a^*<x jftis«-{s^*-y-s^«>tcw]ooo*cja±a4 



5 



—528 — 



- 6 - 



ftmW- 1 -1 3 8 0 9 2 



1-12 it&#! 1-7 

^1 iz7jk-r x o tem&L&<Qti.mm o.osbb o& 

K^DA|»34g »C N *fcJS! 99. 99X. f£&#> 0.05on 

C tf>£?&t»5fclCgffi!E£>&JS ? o A tfll960g 

L'X^SJSKH^&f Jh L. 1250-C. 1850 Kg/co 2 
T 1 6 o# R»m £ ^ J£ & JS ^ ^ ^ j& {* £- f£ 0 
^»e*47-f ^-*7 * h-z?ifc 2bb. tJ5 2bb. 



1 - 138092(3) 

&£ 200bb iCttJtfi L^Wa^<Co:0.3X CD&ttOjg 
99.9999%0>AgtA3fc*ffl^> _h I£ «h fS) t& JC LT. 0 

OjSffitSSKl: J: l<t18t£ 3 <3 fLI K m $S 

& £ x SS^BBt^xy 4 IC J; ♦? T ;U > 

^ o * tS ft 11 x £- ffi -t * m ft tc it x * m © 

X Sue « -p t -t* fc e 

±fc<Dmmtzx *> » *n'fc» mar ft**** 



Xx it«5W<bLTx ^-2^?j? t *11 Jdc © & Jg ? o 
m^^-3tc#ti-r^ Liz* 

W4. ^ft37C^O^Wffl*<U-rn 0.01% * 

siss&ar. flit/urn 



- 9 - 



—529— 



(4) 



ftmW 1-1 3 8 0 9 2 



».Bfl¥ 1 - 138092(H) 



7L f& 




Fe 


N] 


Pb 


Cu 


p 


S SI 


Al 


C 


0 








160 


4 


1 


2 


2 


9 30 


5 


5 


110 


4^ V 3 




*- 


2 






















5c J 






Fe 


Ni 


Pb 


Cu 


P 


S Si 


Al 


C 


0 


N H 


^^fi(ppa) 




70 


10 


1 


1 


20 


10 6 


20 


60 


40 


30 5 






3 
























Co 


(X) 


Re (X) 


kg 


(X) Ru 


(X) 


Cr (X) 


5158 *J »l£ 


(MPa) 


toV (X) 


m ife $d 


1 


0. 


3 


0 


0 


0 




BAL 




350 




16 


%i&m 


2 


1 




0 


0 


0 




- 




370 




18 


nmm 


3 


0 




0.5 


0 


0 




- 




300 




10 


nt&m 


4 


0 




2 


0 


0 




- 




330 




12 


ni&w 


5 


0 




0 


2 


0 








300 




10 


%ttsn 


6 


0 




0 


3 


0 








310 




10 




7 


0 




0 


0 


3 








370 




18 


nmm 


8" 


0 




0 


0 


6 








360 




17 


ni&m 


9 


0 


1 


0 


0 


1 








360 




18 




0 




0.3 


0 


1 








350 




16 




0 


3 


0 


2 


0 








350 




14 


3?*fe0iJl2 


0 




0.3 


3 


0 








330 




12 


ttttW 


1 


0 




0 


0 


0 




99.98 




280 




6 




2 


0 


003 


0 


0 


0 




BAL 




280 




6 




3 


0 




10 


0 


0 








275 




6 




4 


0 




0 


0 


003 0 








280 




6 




5 


0 




0 


0 


10 








260 




5 




6 


5 




0 


0 


5 








275 




6 




7 


0 




5 


5 


0 








270 




7 



BAL:Bal ance 



- 10 - 



m m tic ?sre*^*-oian&gi-c* s„ 




—530— 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

^IREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



